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Effects of leaf litter decomposition on bacterial community structure in the leaf

litter of four dominant tree species in Mount Tai
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Abstract: The aim of this study was to identify the effects of leaf litter decomposition on bacterial community structure in
the leaf litter of different tree species in Mount Tai.Four different dominant tree species Robinia pseucdoacacia ( RP) ,
Quercus acutissima ( QA) , Pinus tabulaeformis (PT), and Pinus densiflora (PD) in a Yaoxiang Forest Farm were

examined. Illumina high-throughput sequencing of the 16S rDNA genes was performed to analyze the effects of leaf litter
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decomposition on the bacterial community structure of four dominant tree species in Mount Tai. The results showed that:
(1) leaf litter decomposition rates differed significantly among the four species( P <0.05). In all treatments, RP leaf litter
was obviously decomposed faster than other three tree species( P <0.05). The sequence of decomposition rate was RP> PD
>PT>QA. (2) After 1 year of decomposition of the four leaf litters, there was a significant difference between the current
chemical element content and the initial content. Carbon and lignin contents were significantly decreased ( P<0.05),
whereas nitrogen and phosphorous contents were significantly increased ( P<0.05). (3) A total of 643440 valid sequences
were obtained for all samples, which were classified from phylum to genus in accordance with QIIME, and included 35
phyla, 92 classes, 121 orders, 246 families, 410 genus, and 206 species. The NMDS B—diversity analysis of the bacterial
community showed that there was a significant difference between all species, except for PD and PT. At the phylum level, a
total of four phyla were dominant ( >5% across all treatments ). Based on the average relative abundance, the most abundant
phyla were Proteobacteria, Actinomyces, Bacteroidetes and Acidobacteria, although significant differences between the four
treatments were found (P<0.05). At the class level, a wide range of classes dominated. Based on the average relative
abundance, the most abundant classes were Alphaproteobacteria, Betaproteobacteria, unidentified-Actinobacteria,
Sphingobacteria, Gammaproteobacteria, and Deltaproteobacteria. Unidentified-Actinobacteria and Sphingobacteria were
significantly different among the four treatments ( P<0.05). At the species level, Bradyrhizobium elkanii and Luteibacter
rhizovicinus were the dominant species after all four treatments, each of which had its own dominant species. (4) There was
significant difference between the average number of four-treated observed species, ACE and phylogenetic diversity ( PD)
(P <0.05), and these numbers in broad-leaved species were obviously higher than those in coniferous species. (5) Non-
Metric Multi-Dimensional Scaling ( NMDS) analysis on leaf litter characters and bacterial communities showed that the
diversity of bacterial communities was affected by the chemical properties of leaf litter, especially the initial C/N ratio and
lignin/N ratio of the litter; In addition, between the two factors of bacterial community diversity and leaf litter chemistry,
the decomposition rate was more correlated with the chemical properties of leaf litter itself. The results of this study can
improve understanding of the effects of bacterial community structure and diversity on decomposition of leaf litter in forest

ecosystem.

Key Words: leaf litter; decomposition; bacterial community; diversity
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S, JB T IR IRAT KRR T RS AR AR 18.5°C ARk 758 mm, FEAEHTE 6—9 A, PRIl T
Bz g, 2 A R Ry b 2R R AR, 2R SRR 20—30 em.,  HiUHT MR 4SS B R B IR Al s e
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TR A T SR < SR R FH A 75 0 48 00 D ik | AR AR 4 ik B TR 14 Jet LA S BT I B 1) FH i, B AN UR T 4%
A AT RES 6 o, FFARTEFE S BB PR RIS A8 K /N R 15 emx 15 em (FLK/NA 1 mmx 1 mm) ™,
2016 47 H R AL AP S T 6 MEE MK XA, /NXK/NHA 10 mx 10 m, FHER/N X 3% &
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Table 1 Differences in initial element contents of leaf litter
N

C p C/N N/P KJFTZ /N
g Total . R . Y NG 7" )\% .
. Total . Total Ratio of carbon: Ratio of nitrogen; o Ratio of lignin
Species nitrogen/ . Lignin/% .
carbon/% % phosphorus/ % nitrogen phosphorus nitrogen
0
RP 45.57+0.13¢ 1.86+0.05a 0.41+0.015a 24.58+0.57b 4.55£0.27a 28.84+0.36¢ 15.55+0.28¢
QA 48.23+0.84b 1.21+0.03b 0.43+0.006a 39.91+1.03a 2.82+0.08b 33.63+0.57b 27.81+0.24a
PD 50.64+0.15a 2.02+0.01a 0.48+0.059a 25.10+0.16b 4.37+0.62a 22.83+0.54d 11.32+0.33d
PT 50.34+0.51a 1.90+0.08a 0.44+0.037a 26.64+0.89b 4.39+0.94a 37.21+0.61a 19.70+0.85b

RP : JI# , Robinia pseucdoacacia ; QA ; WiA , Quercus acutissima; PD : J7¥ , Pinus densiflora; PT:iMAS , Pinus tabulaeformis ; [R5 AN 8] /NG FHEAR
R AL BZ [BI7E 0.05 7K P25 5 1 3

XF 4 BBl 0 95 ) i — A e AL SE T R B i SRR LA O R & R HE T LA SR A 1 R,
) 4 FHRE Y R — RS AL F T R S B SV TR I AR B 2 . C B E L (P<O.
05) ;N FHBRIRANTH R A B E 240, Hifth 3 AR R4 88 TH 5 (P<0.05) ;P & R BRI T R 3% 2 4, 3
by 3 AP RIS 2 T R (P<0.05) s AR & FEBR AR RN i 35 2 41, ¥R BN B R R (P<0.05) .

ZR 1l 4 Fb 32 B A MRS Fh -8 95 43 R 2 TR 25 55 1 2 (P<0.05) o [ 2 AT DL AR 43 Mk R g
i T A 3 AR (P<0.05) , T RRER JHIFA  IRAS 2 18] 22 578 .35 (P>0.05) |, 40 fiff PR 32 0 SRS > 2R B > il
FASIRER .

2.2 IR EIT RO b

FIH Qiime ZXAH Rarefaction 734, flVER ML (18] 3) o & 3 W] UL, Bt D P e S 8 H A 3 12 4>
DU PR A 1 I 2RI A 1] PR, ZR B DU 7 6 TR 0045 A Bt A 75 2, B LS Ml S W3 12 A e i)
RS A5 52 4 IR B UL P &5 R P L T RSB e, B 2 I e A xR ouT
DUHRFRABL/IN, BEAR T DL Wm0 3 1 o il R v A B B 25 A LB AR RT REATS A A i i A R R e R
2.3 MBS AT

e R A 5 R S R BT A RE T — R34S 643440 A3 507 8, Hodh B A R B O 37636 4%, I Z F SR
71004 2% CFEIF AR 53620 %), iXEEFHN5r)E T 35 11,92 49,121 H,246 #1,410 J& ,206 Fir, 455>
FEEFEREE AL oy BIAE T TR KT T AT R S A B Ge it or it . AL 4RI 0L FE T TKSF b 83 4 5y
RPN R L E P T AR (58.8%, Proteobacteria ) i 28 1 1] (15.3% , Actinobacteria ) . ¥4 ¥T & ]
(11.9% ,Bacteroidetes ) .FRFT 11 (3.7% , Acidobacteria ) , 5 S FF Y 89.7% , b AR LB 1] i da X fe ¥, 764K
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Fig.1 Differences in element content between initial and after decomposing in one year for four leaf litter
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Table 2 Anosim significance test of bacterial community structure difference between groups

4321 Groups QA-PD RP-PD RP-QA PD-PT QA-PT RP-PT

R {f R-value 0.3704 0.07407 1 -0.1481 0.1481 0.2222

RENT(-1,1)Z[0),R-value KF 0, iR 225 B3 . R-value /NT 0, Ui N A7 KT A B 2457
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Fig.4 The relative abundance of dominant bacterial communities after one year of leaf litter

A6 AT, A6 TR K L SRR I U8 95 90 0 i — AT i AR = B e R RO A T BT 1) 08 3 K T IR AR R R A
(P<0.05) , T4 i 11 4 22 18 T At 3 AN (P<0.05) 5 BRBR I8 7 4 2 vh A8 T T T T RRR AT B 1) e 22 8 T
HoAl 3 4FP(P<0.05) , THBIFT BT T2 K T HA 3 BFH (P<0.05) 5 ARFAFITMANTE 4 AN 22 239K 3%

http ; //www.ecologica.cn



9 4 B AF AR 4 BRI SR MRl R 3 v 0 o i X R v A A A R R S A ) R 7

(P>0.05), 1EARHIKF 1, RN 345 5 i b A ] < FIAPD = WARP- RKHOA = Wl PT
R 225 T HAL 3 DRI (P<0.05) , JRER I W3 B Stress = 0.084
TR0 M (0B R T BT 4 18 R X 2 B AR T A 3 A 02
R (P<0.05) . :
TEVR S5 A E AL T2 th LR R Y 221k T Y, 3R
AITHEHE 4 /K0 BEAH G 7 Hh AR 2 B2 T 5 07 B9 PL 34 mh .
AT HE — L b, AR WK 3 Fron, & A AL
Bradyrhizobium elkanii F1 Luteibacter rhizovicinus TE 4 1> -0.2
Qb3 #R Ry A A Sphingomonas soli 1 Streptomyces , ,
prunicolor J& Rl B 4b PR A 1 08 Bl 5 Labrysmiyagiensis 04 02 NM?)S2 02 04
F1 Sphingomonas sanxanigenens J&WRERFFA P FF 5 30
FAFNARFARI AT HAAL, Ko Chitinophaga pinensis
SEIRVAFTREAR 1T Cercis gigantea JETMFN FITRFAT o

NMDS1
S

E5 MASHBAREEZNIEERES%ERE(NMDS) 534
Fig.5 Non-Metric Multi-Dimensional Scaling (NMDS) analysis

of bacterial community in leaf decomposition

08
[ st rP 0.5
2 [ JFRBR QA
X 06 | _I_abbc 9 7744 PD
2 ¢ B A PT 0.4
5 rH
2.5
gé 04 | 03
E% 0.2
) a
=0y pbl . 23 0.1
b
b2 b b
o L& E H_;. r-'rﬁ-_ 0 -
&= = & = s = x . F OF
H = = & x 2 2 E o s
s A = =2 i >
}é
Y 2 K Bacteria types

Ele 4FAEZAFTEZRAARNELBENEENES

Fig.6 Differences in relative abundances of major bacterial dominant groups between the four treatments
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Table 3  Relative abundance differences of dominant species in four leaf litter bacterial communities

N FIZE Bacterial species RP/% QA/% PD/% PT/%
Bradyrhizobium elkanii 2.30 7.68 2.65 3.41
Sphingomonas soli 0.74

Luteibacter rhizovicinus 0.71 1.20 2.00 1.59
Rhizobium cellulosilyticum 0.69 1.80 1.00
Streptomvyces prunicolor 0.66

Burkholderia dipogonis 4.20 1.04 1.81
Labrys miyagiensis 0.73

Sphingomonas sanxanigenens 0.47

Chitinophag apinensis 0.67

Cercis gigantea 0.75
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Table 4 Statistical analysis of bacterial diversity after one year of leaf litter decomposition

i I W% chaol %t ACE #8 PD #5% FAE I
Species Observed-species Coverage/ % Chaol index ACE index PD index Shannon-Wiener index

RP 2000+17a 96.8+0.003b 2729.5+92.5a 2731.0+109.0a 145.3+0.7a 9.13+0.11a

QA 1946+83ab 96.8+0.001b 2672.9+19.1a 2706.4+65.9a 142.5+5.8ab 8.38+0.07¢

PD 1832+18be 97.5+0.002a 2221.5+86.4b 2282.3+98.8b 134.3+2.6ab 8.97+0.52ab

PT 1776+21¢ 97.4+0.001a 2275.8+88.7b 2311.5+60.5b 132.8+0.7b 8.78+0.03b
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Fig.7 Non-Metric Multi-Dimensional Scaling (NMDS ) analysis of leaf litter characters and bacterial communities
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